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I n e l a s t i c  proton s c a t t e r i n g  a t  energies  i n  i n t e r a c t i o n ,  and by studying the  populat ion of  
excess of 100 MeV is p o t e n t i a l l y  a powerful t o o l  unnatural  p a r i t y  s t a t e s ,  t he  focus is placed on 
f o r  spec t roscopic  s t u d i e s  of  exc i t ed  nuc l ea r  s t a t e s  . t he  spin-f l i p  component of t he  nucleon-nucleon 
Given t h a t  t he  r eac t ion  mechanism is  known ( t h a t  i n t e r a c t i o n .  Moreover, a s  unnatura l  p a r i t y  
i s ,  i t  is d i r e c t ) ,  and t h a t  t he  requi red  o p t i c a l  t r a n s i t i o n s  a r e  usual ly  we l l  described by model 
model parameters can be derived from ana lys i s  of spec t roscopies ,  no enhancement f a c t o r s  (core 
e l a s t i c  s c a t t e r i n g ,  t h e  spectroscopy of  t he  exc i t ed  po la r i za t ion  correc t ions)  a r e  required.  Thus 
r e s i d u a l  s t a t e  w i l l  inf luence  i n  a major way the  da t a  r e f l e c t  o s t ens ib ly  only t he  two nucleon 
ca l cu l a t i on  of  t h e  d i f f e r e n t i a l  c ross  s ec t ion .  t-matrix a spec t s  of the  r eac t ion  mechanism. 
The o the r  f a c t o r  which e n t e r s  is  the  two nucleon I n e l a s t i c  proton s c a t t e r i n g  from carbon 
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Figure 1. Spectrum of protons s c a t t e r e d  ine l a s -  Figure 2. Spectrum of protons s c a t t e r e d  ine las-  
t i c a l l y  from 1% and I60  a t  30' - low t i c a l l y  from 1 2 ~  and 160 a t  35' - high 
e x c i t a t i o n  region.  The s t a t e s  populated e x c i t a t i o n  region.  The s t a t e s  popu- 
a r e  indica ted .  l a t e d  a r e  indica ted .  
and oxygen, using a mylar t a r g e t ,  has been s tud ied  
between 25' and 85O, f o r  a proton bombarding energy 
of 135 MeV. The de t ec to r  used is the  QDDM spectro-  
graph, inc luding  t h e  f o c a l  plane de t ec to r  developed 
a t  t he  Universi ty of  elb bourne,') and two p l a s t i c  
s c i n t i l l a t o r s  f o r  p a r t i c l e  i d e n t i f i c a t i o n .  The 
s c a t t e r e d  proton s p e c t r a  were measured wi th  an 
energy r e so lu t ion  of about 90 keV. 
Two ranges of e x c i t a t i o n  energy i n  160 have 
been covered over t he  angular  range noted above. 
These a r e  5-10 MeV, and 15-20 MeV. Typical  s p e c t r a  
taken i n  these  two e x c i t a t i o n  regions a r e  shown i n  
Figures 1 and 2. 
Figure 3. Two t h e o r e t i c a l  d i s t o r t e d  wave f i t s  t o  
e d i f f e r e n t i a l  c ros s  s e c t i o n  f o r  t h e  
E80(P,P') r eac t ion  leaving  t h e  160 nu- 
c leus  i n  its 8.87 MeV (2') s t a t e .  The 
f i t s  a r e  f o r  two d i f f e r e n t  assumed 
spect roscopies  of t he  2' s t a t e .  
The lower e x c i t a t i o n  region  conta ins  t h e  2' 
s t a t e  of  160 a t  8.87 MeV, which is of i n t e r e s t  a s  
described above. A ca l cu l a t i on  of t h e  d i f f e r e n t i a l  
c ros s  s ec t ion  f o r  i n e l a s t i c  proton s c a t t e r i n g  t o  
t h i s  s t a t e ,  assuming two d i f f e r e n t  spec t roscopies  
f o r  t he  2' s t a t e ,  is  shown i n  Fig.  3. It is 
c l e a r  t h a t  measurements a t  angles  l e s s  than 25' 
a r e  necessary t o  d i s t i n g u i s h  between t h e  two; 
these  measurements w i l l  be made i n  t h e  nea r  fu tu re .  
The h igher  e x c i t a t i o n  s p e c t r a  a l s o  show 
very d i s t i n c t  peaks, bu t  i n  t h i s  case  t h e  continuum 
background i s  q u i t e  l a rge .  Peaks corresponding 
t o  well-known s t a t e s  of  12c a r e  seen.  It is  most 
i n t e r e s t i n g  t h a t  t he  t h ree  most prominent peaks 
a s soc i a t ed  wi th  160 correspond t o  l e v e l s  n o t  
l i s t e d  by A j  zenberg-Selove .2) They do, however, 
correspond very p rec i se ly  i n  e x c i t a t i o n  energy 
wi th  s t a t e s  seen i n  t he  s i n g l e  nucleon pickup 
r eac t ions  170(d,t)160 and 170(%e,a)160.3) On t h e  
b a s i s  of  those  s t u d i e s ,  and two independent ca l -  
c u l a t i o n ~ , ~ , ' )  t he  s t a t e s  a t  19.80 and 18.98 MeV 
e x c i t a t i o n  a r e  assigned J";T of 4';O and 4';l 
r e spec t ive ly .  On these  same bases,  t he  s t a t e  a t  
17.79 MeV i s  4- o r  2', and t h e  f a i l u r e  of t h e  
s t r u c t u r e  ca l cu l a t i ons  t o  p l ace  a t h i r d  4' s t a t e  
below 25 MeV e x c i t a t i o n  means t h a t  t h e  probable 
sp in  and p a r i t y  is 2-. The i sosp in  is  n o t  y e t  
known. Calcula t ions  of  t h e  d i f f e r e n t i a l  c ross  
s e c t i o n  f o r  i n e l a s t i c  s c a t t e r i n g  t o  t hese  s t a t e s  
is proceeding. 
For t he  two 4' s t a t e s ,  t h e  immediate config- 
u ra t i on  suggested is  [ (ld512) ( ~ p ~ / ~ ) - ~ ] ~ - ,  and 
the  ca l cu l a t i ons  of ~ a n c h e z - ~ e h e s a ~ )  i n d i c a t e  t h a t  
t h i s  conf igura t ion  has  amplitude i n  excess of  0.95 
i n  each of  these  s t a t e s .  
*school of  Physics, Univers i ty  of  Melbourne 
1 )  V.C. Off i ce r ,  I . D .  Svalbe and R.S. Henderson, 
Bull .  Am. Phys. Soc. 
2) F. Aj zenberg-Selove, Nuclear Physics,  A281, 
1 (1977). 
3) G. Mairle,  G . J .  Wagner, P. Doll ,  K.T. Knbfle 
and H. Breuer (p rep r in t ,  1977) H. Breuer, 
( p r iva t e  communication, 1977). 
4) S.T. Hsieh, K.T. Knbpfle, G .  Mairle and 
G . J .  Wagner, Nuclear Physics, A243, 380 
(1975) . 
5) J. Sanchez-Dehesa, Ph.D. t h e s i s  (June, 1977), 
Un ive r s i t a t  Bonn and Kernforschungsanlage 
J i i l ich  . 
6) A. Faes s l e r ,  ( p r iva t e  communication, 1977). 
